A 
Introduction
Over the last few decades, scientific community has paid significant attention to the spinel ferrites due to their fascinating properties to meet the requirements in various applications. No other magnetic materials can replace the ferrites due to their low price, availability, stability and have an extensive use of technological application in transformer, high quality filters, high and very high frequency circuits and operating devices. The Ni-Zn ferrites became an important candidate to use it in the high frequency applications due to their high electrical resistivity, high permeability, compositional stability and low eddy current losses [1] [2] [3] [4] [5] [6] . The uniqueness of Ni-Zn ferrites is motivating numerous researchers to look forward that they can open the way for commercial applications of these materials and new types of ferrites are unveiling with excellent properties for practical application. The properties of Ni-Zn ferrites can be tailored by altering chemical composition, preparation methods, sintering temperature (T s ) and impurity element or levels and the reports regarding these issues are available in the literatures . Recently, many researchers reported the structural, magnetic and electrical properties of Ni-Zn ferrite and/or substituted Ni-Zn ferrites in bulk [6, 12, 13, [19] [20] [21] [26] [27] [28] and nano forms [16, [22] [23] [24] .
The properties of Ni-Zn ferrites can be changed remarkably by substitution of tetravalent ions such as Ti 4+ , Sn 4+ . Investigations on the substitution of Sn 4+ have been reported by many researchers [6, [9] [10] [11] . We have reported the structural, morphological and electrical properties of Sn-substituted Ni-Zn ferrites [6] . 
Materials and methods
Solid state reaction route was followed to synthesize Sn-substituted Ni-Zn ferrite, 
Results and discussion

XRD analysis
The X-ray diffraction (XRD) pattern of Sn-substituted Ni-Zn ferrites with the chemical composition of Ni 0.6-x/2 Zn 0.4-x/2 Sn x Fe 2 O 4 (NZSFO) are shown in Fig. 1 . The XRD spectra were indexed and fcc cubic phase was identified. The structural parameters are calculated from the XRD data and have been discussed in Ali et al [6] . The lattice constants are calculated from the XRD data and represented in Table 1 . . The values are also depicted in 
Magnetic properties
The Table 1 . It is seen that the values of H c of the Sn-substituted samples (NZSFO) are larger than that of the parent (NZFO) and it could be inferred that the prepared ferrites are not reasonably soft in nature. The variation of saturation magnetization (M s ) with Sn content of the NZSFO is shown in Furthermore, Stoner-Wohlfarth single-domain theory proved that the H c increases with the increase of grain size [29] . The grain sizes of the prepared samples (NZFO and NZSFO) are also found to increase with Sn contents [6] . Therefore, it is expected to increase the value of H c with the increase of x in the prepared samples. It could be noted that the values of H c for the Sn-substituted samples are comparatively large. The large value of H c for the Sn-substituted samples can be explained by the following equations. , where A is the exchange stiffness constant, K 1 is the anisotropy constant and r is the radius of the spherical pores [30] . In general, H c varies directly with porosity and anisotropy; and inversely with grain size [30] . Thus, the H c appears to be influenced by saturation magnetization and K 1 , in addition to the microstructure.
The porosity of NZSFO increases almost linearly with Sn concentration (~27-34%) while the porosity for NZFO is around 19% [6] . The grain size of the prepared samples (Table 1) ). The real part of permeability µ / decreases with the frequency and the imaginary part of permeability µ // exhibits a peak, which is related to the relaxation phenomena. It is seen that the µ / remains almost constant until the frequency is raised to a certain value and then drops to very low values at higher frequencies.The fairly constant µ / values with a wide range frequency region is known as the zone of utility of the ferrite that demonstrate the compositional stability and quality of ferrites prepared by conventional double sintering route. This characteristics is anticipated for various applications such as broadband pulse transformer and wide band read-write heads for video recording [31] . The value of µ // gradually increases with the frequency and become maximum at a certain frequency, where µ / rapidly decreases. This feature is well known as the ferromagnetic resonance [32] . At higher doping concentration, the permeability value is lower and the frequency of the onset of ferromagnetic resonance is higher that is in good agreement with Snoek's limit / = constant, where f r is the resonance frequency of domain wall motion, above which µ / decreases [33] .
Variation of µ / with Sn concentration at 1 MHz frequency is shown in Fig. 4(a) . The decrease in the initial permeability of the Ni-Zn ferrites can be explained using the following equation
, where µ / is the initial permeability, M s the saturation magnetization, D the average grain size and K 1 the magneto-crystalline anisotropy constant. As µ / is proportional to the square of the saturation magnetization and saturation magnetization is decreased with the increase in Sn concentration, the value of µ / is expected to be decreased. Tetravalent Sn 4+ ions have a strong octahedral-site preference, and the saturation magnetization decreased with the increasing Sn 4+ substitution due to the weaker A-O-B super-exchange interaction results the value of µ / decreases [34] . Fig. 4(b) shows the relative quality factor NZSFO. The peak corresponding to maxima in Q-factor shifts to a higher frequency range as Sn content increases.
Q-factor has the maximum value of 5.2×10 3 at f = 20 MHz for the x =0.05 sample. The Q-value depends on the ferrite microstructure, e.g. pore, grain size, etc. Curie temperature (T c ) is the transition temperature above which the ferrite material loses its magnetic properties. Temperature dependence of initial permeability, µ / of the toroid shaped sample of NZSFO at constant frequency 1 MHz of an AC signal is shown in Fig. 5 (a) . The initial permeability increases rapidly with increasing temperature and then drops off sharply It can be explained as follows; initially the dopant cations are assumed to occupy tetrahedral (A) sites and it is entered into B sites due to further increasing of dopant cations thereby pushing some Fe 3+ ions to A-sites resulting the magnetic ion density decreases in the B sub-lattice [9] . The increase in the magnetic ions in the A sites increases the A-B interaction, consequently increasing the T c (Fig. 5 (b) ). However, the mechanism of the T c decreasing in particular point has not been understood yet.
Finally, from the Table 1 , it is evident that the sample with x = 0.05 shows unusual results. ions occupy tetrahedral (A) sites whilst these ions reside in octahedral (B) sites at higher Sn concentrations [9] . However, this can be confirmed by other investigations like, neutron diffraction, but unfortunately we are unable to perform such investigation and left this issue to other researchers for further study.
Conclusions
Sn-substituted polycrystalline ferrites, NZSFO ( 
